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(54) Faster switching GaAs fet switches by illumination with high intensity light 



(57) The present invention relates to GaAs FET 
switches for use in microwave test equipment. For many 
microwave applications, particularly GSM (Global Sys- 
tem for Mobile Telecommunications) basestation test- 
ing, accurate, reliable switching of microwave signals is 
desirable. GaAs FET switches are widely used to switch 
microwave signals in many applications because of 
their small size and high reliability. However, GaAs FET 
switches have a significant drawback called the "slow 



tail" effect. This effect causes the final amplitude of the 
microwave signal to only be reached gradually after a 
10 to 20 millisecond interval. The present invention inte- 
grates high intensity LEDs above GaAs IC switches to 
decrease the absolute magnitude of the slow tail effect, 
and to shorten its length for faster, more accurate 
switching. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application is related to co-pending 
patent application entitled A PIN ARRAY SOLUTION 
FOR MICROWAVE MULTI-CHIP MODULES, Serial No. 
08/629.949, filed April 12. 1996, and assigned to the 
Hewlett Packard Company, the same assignee as the 
present application. 

BACKGRO UND OF THF INVENTION 

The present invention relates to Gallium Arsenide 
(GaAs) Field Effect Transistor (FET) switches for use, 
for example, in microwave test equipment. 

Microwave test equipment has traditionally used 
mechanically switched step attenuators to set the out- 
put level of sources and network analyzers. These 
switches were very low loss, but they had drawbacks in 
terms of switching speed (on the order of 30 millisec- 
onds), sire, and reliability. In an effort to make a smaller, 
more reliable step attenuator, GaAs FET IC (Integrated 
Circuit) switches have been used to switch in and out 
attenuator segments to form a step attenuator. 

While the benefits of smaller size, and greater relia- 
bility have been obtained, GaAs FET based IC micro- 
wave switches continue to have what is known as the 
"slow tail effect" which causes the amplitude of the 
switched microwave signal to only gradually come to its 
final value after a period of 15 to 20 milliseconds after 
the switch is turned to the ON state, such as shown in 
Figure 1 . The explanation usually given for this effect is 
that traps in the GaAs caused by the exposed GaAs sur- 
face in a FET structure have a time constant on the 
order of milliseconds. The number and time constants 
of these traps are extremely dependent on the GaAs 
wafer processing, and can vary from less than one mil- 
lisecond to much greater in a fairly unpredictable man- 
ner, even between wafers processed through the same 
process but at different times. 

When the FET is turned to the OFF state, the chan- 
nel under the FET gate is depleted of electrons, and 
each trap has a high probability of having a captured 
electron with it. When the FET is turned ON, the Fermi 
level shifts and the electrons captured by the traps are 
released and enter the channel along with the electrons 
attracted from the standard donor atoms. However, due 
to the fact that the traps release their electrons with a 
time constant on the order of milliseconds, the electron 
contribution from the traps to the channel does not 
reach equilibrium until 10 to 20 milliseconds after 
switching has occurred. Thus, the conductivity of the 
FET channel, and hence the attenuation of the micro- 
wave signal passing through the FET channel are not 
stable until 10 to 20 milliseconds after switching. 

The traps involved in slow tails are due mainly to 
the influence of the surface region around the gate, as 



described for example in R. Yeats et al, "Gate Slow 
Transients in GaAs MESFETS - Causes, Cures, and 
Impact on Circuits", 1988 IEDM Conference Proceed- 
ings, pp 842-845. Slow tails can be minimized at the 

s device level by making the recess in the GaAs for the 
gate tighter and/or by using moderate to high doping 
near the edges of the gate. Unfortunately, both of these 
techniques are detrimental to the power handling capa- 
bility of the GaAs FET. Since it is desirable to have high 

w output powers from microwave test equipment sources, 
degrading the power handling capability of the switches 
on the output step attenuator of the instrument is unde- 
sirable. 

« SUMMARY O F THE INVENTION 

In view of the foregoing, it is an object of the present 
invention to provide an improved GaAs FET switch for 
use in microwave test equipment and more particularly 
20 a faster switching GaAs FET switch by illumination with 
high intensity light. 

According to one preferred embodiment, the 
present invention provides an improved step attenuator 
package which comprises a GaAs FET IC switch 
26 arrangement including a plurality of GaAs FET IC 
switches, which would normally exhibit a slow tail effect 
when in operation, in combination with a plurality of light 
sources (LEDs) located within the step attenuator pack- 
age where each of the light sources corresponds to a 
30 respective one of the GaAs switches and has a suffi- 
cient light intensity for illuminating the respective GaAs 
switch during operation so as to reduce or minimize the 
slow tail effect. 

As will be described in detail below, by eliminating 
35 or minimizing the effects of traps on the performance of 
GaAs FET IC switches, the advantages of reliability and 
compactness are preserved, while eliminating the draw- 
back of slow settling on the output amplitude. 

It is a well known phenomena that shining a light on 
40 GaAs FETs affects their slow tails. In feet, some tests on 
GaAs ICs are actually done in darkened chambers to 
give accurate correlation with the performance of the IC 
in its final sealed, dark package. By shining a very bright 
light on the GaAs FET IC switches used in the step 
45 attenuator for a microwave source, it has been found 
that there is a very marked and repeatable reduction in 
the slow tail effect for these switches. The degree of 
slow tail reduction in the output of the GaAs FET IC 
switches is proportional to the strength of the light illumi- 
50 nating those switches, and a bright light is required to 
give good results. 

Integrating a high power incandescent light into a 
microwave package is not feasible, and trying to tun 
light pipes from a high power light source to the GaAs IC 
55 chips would be difficult and expensive. With the recent 
advent of extremely bright and efficient LEDs (called 
super-bright LEDs) based on AllnGaP and AIGaAs, a 
light source can be provided which is small enough to 
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integrate on top of a microwave package with a light 
source bright enough to greatly reduce the GaAs slow 
tail effect 

Other objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description when taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

The accompanying drawings, which are incorpo- 
rated in and form a part of this specification, illustrate 
embodiments of the invention and, together with the fol- 
lowing detailed description, serve to explain the princi- 
ples of the invention: 

Figure 1 shows the slow tail effect from GaAs FET 
IC switches. 

Figure 2 shows an assembled GaAs FET IC 1 30 dB 
step attenuator package with LEDs according to the 
present invention. 

Figure 3A shows an exploded view an the GaAs 
FET IC step attenuator of Figure 2 according to the 
present invention. 

Figure 3B shows a perspective view of a PC board 

which forms a portion of Figure 3A. 

Figure 4 shows a cutaway view of the GaAs FET IC 

step attenuator of Figure 2. 

Figure 5 shows a view of the slow tail effect of the 

step attenuator of Figure 2 with the LEDs OFF. 

Figure 6 shows a view of the slow tail effect of the 

step attenuator of Figure 2 with the LEDs ON. 

Figure 7 the same view as in Figure 5 with the time 

scale lengthened to 100 milliseconds. 

Figures 8A and 8B show a view of the slow tail 

effect of the step attenuator of Figure 2 with the 

LEDs turned ON where the step attenuator settles 

to within .018 dB of its final amplitude value in 120 

microseconds. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. While the 
invention will be described in conjunction with the pre- 
ferred embodiments, it will be understood that they are 
not intended to limit the invention to those embodi- 
ments. On the contrary, the invention is intended to 
cover alternatives, modifications and equivalents, which 
may be included within the spirit and scope of the inven- 
tion as defined by the appended claims. 

Referring now to Figure 1, the slow tail effect from 
GaAs FET IC switches is shown. GaAs FET based IC 
microwave switches exhibit what has been described 
above as the "slow tail effect" which causes the ampli- 
tude of the switched microwave signal to only gradually 



come to its final value after a period of 15 to 20 millisec- 
onds after the switch is turned ON, such as shown in 
Figure 1 . As also previously described, by eliminating or 
minimizing the effects of traps on the performance of 

5 GaAs FET IC switches, the advantages of reliability and 
compactness are preserved, while eliminating the draw- 
back of slow settling on the output amplitude. It is a well 
known phenomena that shining a light on GaAs FET 
switches affects their slow tails. In fact, some tests on 

70 GaAs FET IC switches are actually performed in dark- 
ened chambers to give accurate correlation with the 
performance of the IC switch in its final sealed, dark 
package. 

By shining a very bright light on the GaAs FET IC 

is switches used in the step attenuator for a microwave 
source, it has been found that there is a very marked 
and repeatable reduction in the slow tail effect for GaAs 
FET switches. The degree of slow tail reduction in the 
output of the GaAs FET IC switches is proportional to 

20 the strength of the light illuminating the switches, and a 
bright light is required to give good results. Integrating a 
high power incandescent light into a microwave pack- 
age is presently not feasible, and trying to run light pipes 
from a high power light source to the GaAs IC switches 

25 would be difficult and expensive. With the recent advent 
of extremely bright and efficient LEDs (called super- 
bright LEDs) based on AllnGaP and AIGaAs, there now 
availabes a light source small enough to be integrated 
on top of a microwave package with a light source bright 

30 enough to greatly reduce the GaAs slow tail effect 
described above. 

Figure 2 shows an assembled GaAs FET IC 130 dB 
step attenuator package 10 with LEDs 15 according to 
the present invention. Figure 3A shows an exploded 

35 view an the GaAs FET IC step attenuator 1 0 of Figure 2, 
and Figure 4 shows a cutaway view of the GaAs FET IC 
step attenuator 10 of Figure 2. 

In Figure 3A, the GaAs FET IC 130 dB step attenu- 
ator 10 comprises a GaAs switch arrangement which 

40 includes a base circuit 20 which further includes or con- 
tains a plurality of gallium arsenide switches 21 (shown 
in better view in Figure 4). In one preferred embodiment, 
the step attenuator of Figure 4 includes five GaAs 
switches 21 (21-1; 21-2; 21-3; 21-4; and 21-5). 

45 In Figure 3A, some of the components of the 
exploded view of the step attenuator 10 are similar or 
analogous to those described in the above cross-refer- 
enced patent application entitled "A Pin Grid Array Solu- 
tion for Microwave Multi-chip Modules", which is 

so assigned to the same assignee (the Hewlett-Packard 
Company), and the details of which are hereby incorpo- 
rated by reference. However, for clarity purposes, a brief 
description of the functional components of the step 
attenuator package 10, and particularly the operation of 

55 the GaAs switch arrangement of Figure 3A will now be 
described. 

The step attenuator 10 of Figure 3A and particularly 
the GaAs switch arrangement shows the base circuit 20 
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containing the GaAs FET IC switches 21 with a lid pre- 
form 22 that contains silicone-encapsulant. Lid preform 
22 is a conductive epoxy preform that attaches the lid 23 
to the ceramic circuit, which is typically made of alu- 
mina. Conductive epoxy preform 24 is placed on top of 
lid 23. Preform 24 attaches PC board 25 to the bottom 
lid 23. PC board 25 includes a plurality of super-bright 
LEDs 15. In one preferred embodiment, five LEDs 15 
are used, which correspond to the five GaAs switches 
21. 

In Figure 3A, the LEDs 15 are shown separated 
from PC board 25. In one preferred embodiment, there 
are five LED's 15 (15-1; 15-2; 15-3; 15-4; 15-5), one for 
each gallium arsenide IC switch of circuit 21 (21-1; 21- 
2; 21-3; 21-4; 21-5). When used, the LEDs 15 are 
attached to the PC board 25. but are shown separated 
in Figure 3A, for clarity purposes. 

The super-bright LEDs 15 include biasing and 
decoupling circuitry (shown in Figure 3B), which pre- 
vents microwave energy from propagating through the 
LEDs 15 to the output. As is known in the art, in micro- 
wave attenuators where high attenuation is needed, it is 
important that microwave energy is not coupled from 
the input side of the device to the output side. As shown 
in Figure 3B, the PC board 25 includes LEDs 15 , and in 
addition includes capacitors, ferrites and resistors 
arranged in a normal fashion as to eliminate the 
feedthrough down to extremely low levels, so as to pro- 
vide a clean output signal with very little ripple. 

In Figure 3A, PC board 25 is attached with a PC 
board conductive epoxy preform 26 to middle lid 27. 
Middle lid 27 is used as a container so that the upper 
region can be silicone encapsulated to prevent moisture 
from degrading the performance and causing silver 
migration, which allows the device operate safely in 
extremely humid environments. 

Conductive epoxy preform 28 is used to attach the 
top lid 29 to middle lid 27, and serves to keep out stray 
RF signals from coming in and keep RF signals from 
propagating out and causing interference in other 
regions of the microwave instrument. 

In Figure 3A, the GaAs switches 21 on the IC are 
set to form a low insertion loss "thru" path, called the 0 
dB state. In another state, the GaAs switches on the IC 
switch in a higher insertion loss state. The high insertion 
loss can be defined in dB increments (e.g„ 10 dB, 20 
dB, 40 dB) in which different levels of attenuation can be 
switched in an out. In one preferred embodiment, the 
step attenuator 10 of Figure 3A comprises a 130 dB 
step attenuator which can be in any state of attenuation 
in five dB steps or increments between zero and 130 
dB, by switching in and out the various segments (or 
GaAs switches 21). 

As described above, a problem that arises is that 
gallium arsenide switches exhibit what is called the slow 
tail effect. When switched between the OFF state to the 
ON state, the step attenuator does not reach full con- 
ductivity in the FET channel in the ON state for typically 



10-20 milliseconds. The insertion loss through the 
device slowly changes before reaching the equilibrium 
value, as shown in Figure 1. This settling time causes 
unwanted delays, especially for modulation standards 
5 that should be switched and settled within, say, 20 
microseconds. 

It is known in the prior art that light affects gallium 
arsenide traps, and that such traps are known to cause 
the slow tail effects. The prior art approach is that light 
io has been shined on gallium arsenide switches such that 
it changes the slow-tail effect The prior art has reported 
changes; but these have been anecdotal only, with no 
one reporting a systematic improvement in reducing 
slow tails using illumination. Applicant has found that 
is shining light on GaAs switches, the photons will empty 
the traps of electrons, such that the traps no longer play 
a role in the slow-tail effect. 

By shining a very bright light on a GaAs IC switch, it 
has been found that the slow tail effect improves mark- 
20 edly such that the slow tails effect went away by a factor 
of about a hundredfold faster than in prior art 
approaches. The magnitude of the slow tail effect for a 5 
or 10 microsecond time interval may be improved by a 
factor of two, but the point in time at which the slow tail 
25 effect disappeared to within .018 dB improved by a fac- 
tor of about 100. 

According to one embodiment of the present inven- 
tion, a sufficiently bright light source, such as a super- 
bright LED is integrated with the GaAs switch arrange- 
so ment to form a step attenuator package which improves 
the slow tail effect described above and still maintain a 
low-cost package. Super-bright LEDs are presently now 
available, such as from the Hewlett-Packard Company. 
The effect with super-bright LEDs is intensity dependent 
35 - the brighter the light, the more the slow tail effect goes 
away. 

In one preferred embodiment, the preferred inten- 
sity level of the super-bright LEDs 15 of Figures 3A and 
4 is rated at approximately 500 millicandles, with a haH- 

40 angle of 28 degrees. The miniaturized high-intensity 
LEDs 15 in Figure 3A are able to shine enough light 
directly over the GaAs switches 21 to minimize or in 
some instances eliminate the slow tail effect The 
present invention is believed to be suitable with super- 

45 bright LEDs with a light intensity of approximately 500 
millicandles at a 28 half-degree angle of light output and 
where each LED 15 is positioned or located at a certain 
distance above the corresponding GaAs IC switch 21 . In 
one preferred embodiment, the preferred distance 

so between each LED 15 and the corresponding GaAs IC 
switch 21 is 3 to 3-1/2 millimeters, as a typical example. 

A clear silicone encapsulant surrounds the package 
so that the package is moisture resistant. Also, the 
package is designed with the clear silicone encapsulant 

55 and reflective metal surfaces so as to take advantage of 
reflected light (typically, all the metal surfaces are gold 
plated). By the choice of a clear silicone encapsulant, 
the ability to use LEDS is preserved. If dark-colored 
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encapsulant or an opaque encapsulant is used, the use 
of the LEDs is no longer possible. 

Step attenuators are made with fixed resistors that 
are switched in and out with gallium arsenide switches 
which have rapid response times between the OFF s 
state to the ON state. There is a time transition from 
high-impedance to low-impedance states, and the use 
of integrated super-bright LEDS accelerates the 
response time. With step attenuators, the GaAs FET 
switches 21 control the switching in and out the resis- 10 
tors, and the use of the super-bright LEDs 15 shining 
permanently on the GaAs FET switches 21 has a very 
beneficial effect on the response time. 

In Figure 4, there is a single LED 15 positioned 
directly over each gallium arsenide IC switch 21. In is 
addition, the GaAs IC switches 21 are all bathed in 
reflected light from all of the different LEDs 15. If one 
LED 15 fails (say LED 15-2), the corresponding GaAs 
IC switch 21-2 that was being illuminated does not go 
back to its worst-case operating condition. Instead; 20 
GaAS IC switch 21-2 exhibits a graceful degradation 
mode, which would not be the case if only a single light 
source were used (which would result in failure). The 
redundancy aspect of five LEDs 15 placed directly over 
the GaAs switches 21 avoids the problems involved if a 25 
single light source goes out, and the very small LEDs 
allows the light source to be placed very close to the cir- 
cuits. Hence, according to another feature of the 
present invention, with a plurality of LEDs 15, the failure 
of one LED would not affect the slow-tails performance so 
as much as if there were no illumination at all. 

The light sources utilized with the present invention 
are desirably of a sufficiently small size (such as super- 
bright LEDs 15) in order to keep the compactness of the 
original small package structure, and also in order to ss 
provide shielding between various segments of the cir- 
cuit. For example, the use an incandescent light will 
generate a large amount of heat, which would require 
heat sinks because of overheating problems, whereas 
LEDs 15 are cooler, and provide DC current efficiency; 40 
so that a large power supply is not needed for the 
device. 

The redundancy aspect of five LEDs 15 placed 
directly over the GaAs switches 21 avoids the problems 
involved if a single light source goes out, and the very 4S 
small LEDs allows the light source to be placed very 
close to the circuits. 

By integrating miniature high power LEDs 15 over 
the GaAs FET IC switches 21 shown in Figures 3A and 
4, a compact inexpensive module can be achieved that so 
has a reduced "slow tails" effect, has the same length 
and width as a module with no LEDs, and is only about 
4 mm taller. 

Figure 5 shows the response of the GaAs FET IC 
switched 130 dB step attenuator 10 with all the sections ss 
being switched simultaneously (going from the 130 dB 
attenuation state to the 0 dB attenuation state) and with 
the LEDs 15 (which are mounted over the correspond- 



ing switch 21) turned OFF. ft can be seen that the ampli- 
tude of the signal is still increasing at 20 milliseconds 
(near the end of the plot of Figure 5). 

Figure 6 shows a view of the slow tail effect of the 
step attenuator 10 of Figure 2 with the LEDs 21 turned 
ON. 

Fig. 7 shows the same measurement but with the 
time scale lengthened to 100 milliseconds, ft can be 
seen that the output amplitude of the signal does not 
stabilize until about 70 to 80 milliseconds from the 
switching event (t = 0). rf a time is picked at which the 
output amplitude is settled to within .018 dB of its final 
amplitude value, then this number will be 22 millisec- 
onds for the step attenuator 10 with the LEDs turned 
OFF, as shown in Figure 7. 

By contrast, with the LEDs turned ON, the same 
step attenuator 10 settles to within .018 dB in 120 micro- 
seconds, as shown in Figures 8A and 8B. The ampli- 
tude settling time of the step attenuator 10 has thus 
been speeded up by a factor of 183. In addition, the ini- 
tial magnitude of the slow tail (this is measured at t = 5 
microseconds after switching) has been reduced from 
.45 dB with the LEDs 15 turned OFF to .2 dB with the 
LEDs 15 turned ON. 

As described above, a high intensity light can 
repeatably, and to a high degree, reduce the "slow tail" 
phenomena in GaAs FET based switches and step 
attenuators. This desirable aspect allows the output 
amplitude of a GaAs switch to settle to its final value 
much more rapidly. By utilizing miniature high power 
LEDs based on AIGaAs or AllnGaP, the "slow tail" phe- 
nomena of a packaged product containing GaAs FET 
based switches can be greatly reduced, while the size 
and cost of the package are not greatly increased. 

For other applications of the present invention, the 
noise figures of some amplifiers has been lowered by 
shining the light directly on the amplifier, and having a 
bright-intensity light that produces very little heat that 
can be positioned directly over amplifier chips in a gal- 
lium arsenide IC would provide the benefit of lower 
noise and possibly higher gain. Also in travelling wave 
amplifiers made of gallium arsenide IC's, shining bright 
light directly on those has eliminated slow tail effects in 
switching transients when utilized in an on/off pulse 
mode. Also, high-intensity light shined on certain 
devices such as negative-resistance devices and varac- 
tors could improve the 1/F or phase-noise characteris- 
tics. 

ft is believed that base band noise of gallium arse- 
nide amplifiers can be improved with the features of the 
present invention. Typically gallium arsenide amplifiers 
are not used at low frequencies because they have a 
very high [1/F] noise component, which means as the 
frequencies goes down, there is more noise on the sig- 
nal. This noise is generally associated with at least 
some portions of the traps emptying and filling, rf the 
traps are errptied by shining the light directly those 
traps, the photons eject the electrons. This noise com- 
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ponerrt could be greatly improved and extend the utility 
of gallium arsenide amplifiers to lower frequencies. 

Since the small tail effect is intensity-dependent, it 
is helpful to consider at what point is an LED bright 
enough in terms of illumination so as to provide the 5 
desired effect, as well as one that is beneficial for the 
cost for installing the LEDs. With less bright LED's. 
there might get a factor of five to ten improvement in 
switching speed, which may not be suitable to be uti- 
lized, for example, with certain technologies, such as 10 
the time division multiplexed markets for cellular tele- 
phones. Other light sources which may be suitable with 
the aspects of the present invention could be light fibers 
bringing light in from a remote location, and miniature 
lasers. 1S 

The foregoing descriptions of specific embodiments 
of the present invention have been presented for pur- 
poses of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed, and it should be understood 20 
that many modifications and variations are possible in 
light of the above teaching. The embodiments were cho- 
sen and described in order to best explain the principles 
of the invention and its practical application, to thereby 
enable others skilled in the art to best utilize the inven- 25 
tion and various embodiments with various modifica- 
tions as are suited to the particular use contemplated. It 
is intended that the scope of the invention be defined by 
the Claims appended hereto and their equivalents. 

30 

Claims 

1 . A step attenuator package (1 0) comprising: 

a GaAs FET IC switch arrangement including a 35 
plurality of GaAs FET IC switches (21) which 
exhibit a slow tail effect when in operation, and 

a plurality of light sources located within said 
step attenuator package, each of said light 40 
sources corresponding to a respective one of 
said GaAs switches (21) and having a sufficient 
light intensity level for illuminating the respec- 
tive GaAs switch during operation so as to 
reduce or minimize said slow tail effect. 45 

2. The step attenuator package (10) as in Claim 1 
wherein said light sources include LEDs (15). 

3- The step attenuator as in Claim 2 wherein said so 
LEDs (15) are super-bright LEDs. 

4. The step attenuator as in Claim 3 wherein the light 
intensity level is at least approximately 500 millican- 
dles. 55 

5. The step attenuator as in Claim 4 including a clear 
encapsulant for covering said package so as to 



enable the illumination of said GaAs Switches (21) 
by said super-bright LEDs. 

6. The step attenuator as in Claim 5 wherein said 
super-bright LEDs provide illumination for others of 
said GaAs switches (21) if one of said LEDs (15) 
fails in operation so as to reduce the degradation of 
the slow tail effect. 

7. The step attenuator as in Claim 6 wherein the dis- 
tance between said GaAs switches (21) and said 
LEDs (15) is approximately 3-3 V£ millimeters. 

8. The step attenuator as in Claim 7 wherein the atten- 
uation range of said step attenuator is approxi- 
mately 130 dB. 

9. The step attenuator as in Claim 8 wherein the set- 
tling time of said step attenuator is approximately 
120 microseconds. 

1 0. A step attenuator package (10) comprising: 

a GaAs FET IC switch arrangement including a 
plurality of GaAs FET IC switches (21), each of 
which exhibit a slow tail effect when in opera- 
tion and not illuminated, 

a plurality of LEDs (15) located within said step 
attenuator package, each one of said LEDs 
(15) corresponding to a respective one of said 
GaAs switches (21) and positioned approxi- 
mately 3-3 V& millimeters from the respective 
GaAs switch and having a sufficient light inten- 
sity level for illuminating the respective GaAs 
switch during operation so as to reduce or min- 
imize said slow tail effect. 

1 1 . A step attenuator package (1 0) comprising: 

a GaAs FET IC switch arrangement including 
one or more GaAs FET IC switches (21) each 
of which normally exhibit a slow tail effect when 
in operation, and 

one or more LED light sources (15) located 
within said step attenuator package (10), each 
of said LED light sources (15) corresponding to 
a respective one of said GaAs switches (21) 
and having a sufficient light intensity level for 
illuminating the respective GaAs switch during 
operation so as to reduce or minimize said slow 
tail effect. 
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